Analysis of the catalytic mechanism of a fungal lipase using computer-aided design and structural mutants.
Both an active enzyme conformation and stabilization of tetrahedral transition states are essential for the catalysis of ester bond hydrolysis by lipases. X-ray structural data and results from site-directed mutagenesis experiments with proteases have been used as a basis for predictions of amino acid residues likely to have key functions in lipases. The gene encoding a lipase from Rhizopus oryzae was cloned and expressed in Escherichia coli. Site-directed mutagenesis of this gene was used to test the validity of computer-aided predictions of the functional roles of specific amino acids in this enzyme. Examination of the kinetic constants of the Rhizopus oryzae lipase variants allowed us to identify amino acid residues which are directly involved in the catalytic reaction or which stabilize the active geometry of the enzyme. The combination of these results with molecular mechanics simulations, based on a homology-derived structural model, provided new information about structure-function relationships. The interpretation of the data is consistent with results obtained with other hydrolases, such as proteases.